Early metagenetic surveys of micro-eukaryotic diversity revealed numerous phylotypes that seemed unrelated to any described eukaryotic taxa. It has been proposed that some of them may represent novel kingdom-level taxonomic diversity in eukaryotes. However, detailed analysis of DNA sequences retrieved from environmental samples and assigned to these putative new kingdoms showed that most of them were undetected chimeras or incorrectly placed fast-evolving phylotypes [1] . Since then, the number of new eukaryotic lineages revealed by environmental surveys grew exponentially, but the question of how many of them deserve the highest taxonomic level has remained.
Over the past few years, reconstruction of deep eukaryote phylogeny focused on grouping various eukaryotic lineages into large monophyletic assemblages. Advances in phylogenomic studies led to the formation of four to seven supergroups ( Figure 1 ). The classical multicellular kingdoms of animals and fungi are placed in the supergroup Opisthokonta, while green plants together with red algae form a supergroup of Archaeplastida. All other supergroups are composed of typically unicellular eukaryotes: Amoebozoa comprise the lobose amoebae and slime molds, Stramenopiles include among others diatoms, kelps, and oomycetes (previously classified as fungi), Alveolata are composed of ciliates, dinoflagellates and parasitic apicomplexans (among which the causative agents of malaria and toxoplasmosis), Rhizaria are dominated by amoeboid protists, such as foraminifera, radiolarians or filose amoebae, and heterotrophic flagellates with filose pseudopodia, and Excavata group together euglenozoans, heterolobosean amoebae and some amitochondriate parasitic phyla (such as diplomonads and parabasalids). However, with an increasing amount of phylogenetic and metagenetic data available for larger taxon sampling of eukaryote diversity, there was growing evidence that not all lineages could be placed inside the established supergroups. More than ten lineages were considered as of uncertain placement and left as incertae sedis in the recently revised eukaryote classification [2] .
What are these hypothetical novel eukaryotic microkingdoms? First of all, many of them are not really new. For example, the genus Collodictyon was described 150 years ago but the diversity and evolutionary importance of Collodictyonidae have been investigated only recently [3] . The unclassified eukaryotic lineages represent a large variety of forms and modes of life, from free-swimming or gliding biflagellated cells to amoeboflagellates or filopodia-bearing amoeboid cells. Some lineages have cells covered with mineralized scales or spicules (Haptophyta, Centrohelida) or organic thecae (Apusomona didae, Rigidifilida). Few lineages are phototrophs and possess chloroplasts acquired as a result of the secondary symbiosis (Cryptophyta, some Haptophyta). Most of them are mixotrophs or heterotrophs, often bacteri vorous, living in marine or freshwater environments. Only one lineage (Breviatea) is amitochondriate and lives in anaerobic conditions, but interestingly no group comprises parasitic species. With the exception of Haptophytes and Cryptophytes, all other lineages are represented by very few described species, although their environmental diversity may be quite large. For example, the genus Telonema, represented by only two described morphospecies, has seen its diversity explode with more than 20 phylotypes revealed by environmental study [4] .
Metagenetic studies played a key role in discovery and assessment of the diversity of these putative microkingdoms. Two lineages (Picobiliphytes, Rappemonads) are known exclusively from environmental sequence data [5, 6] . Very little is known about their morphology and cell characteristics and in some cases even the features that seemed to be well established, like the presence of chloroplasts in Picobiliphytes, have been questioned based on a single-cell genomic study [7] . Compared to some other planktonic groups revealed by metagenetics, such as marine stramenopiles (MAST) or marine alveo lates (MALV) [8] , the environmental diversity of novel lineages seems relatively modest, though some of them have been found to be quite diverse when specifically targeted [9] .
The phylogenetic position of these lineages remained an unresolved conundrum, in spite of genomic and/or transcriptomic data available for most of the groups that include cultivable species. A new supergroup, called Hacrobia or CCTH has been created for some of these orphan lineages [10, 11] , but later analyses did not support this hypothetical grouping [12] . An up-to-date phylogenomic tree (Figure 1) shows 13 independent lineages branching in three paraphyletic assemblages placed at the base of SAR assemblage grouping Stra meno piles, Alveolata and Rhizaria (Telonema, Hapto phytes, Rappemo nads, Centrohelids), next to Archae plastida (Glaucophytes, Picobiliphytes, Cryptophytes, Katablepharids), and close to Amoebozoa (Breviatea, Collodictyon, Rigidifilida, Apusomonads, and Ancyro monads). Phylogenetic relations between these lineages and the adjacent supergroups are not well established. Some of them, like Breviatea and Glaucophyta are included in Amoebozoa and Archaeplastida, respectively. However, support for these groupings is usually weak and there is no general consensus about their classification.
One of the most striking characteristics of these orphan lineages and the reason why it is so difficult to place them in the eukaryotic tree is their extreme genetic divergence. High genetic distances separating them from other supergroups suggest that they represent the deepest eukaryotic lineages. Identifying and characterizing these deep lineages is essential for understanding the early evo lu tion of eukaryotes. However, their number and diversity is difficult to assess. It has been assumed that many new deep lineages will be revealed by next-generation sequencing surveys of environmental diversity but their identification using short and standardized sequence tags [13] might not be straightforward. The single-cell genomic approach [7] may represent a much more efficient way 
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Our view on the dawn of eukaryote evolution has profoundly changed as a result of phylogenetic and metagenetic studies. The traditional oversimplified classification of unicellular eukaryotes based on their mode of locomotion or capacity to photosynthesize has been replaced by a phylogenetically robust system of large, monophyletic eukaryotic supergroups that originated more than 1 billion years ago. Still, relatively little is known about the radiation of numerous small lineages that preceded the divergence of these supergroups. The challenge of future eukaryotic research is to describe the vastness of this radiation and to determine the ecological and evolutionary importance of the new micro-kingdoms.
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